We have identi®ed a Xenopus bHLH gene, Xath2, which is the homologue of the murine MATH-2/NEX-1 gene, using a functional expression screening approach. Overexpression of this gene in neurula embryos induces the expression of the N-tubulin neuronal marker but does not stimulate the expression of the X-ngnr-1 and NeuroD proneural genes. Expression of Xath2 begins in stage 32 embryos and is restricted to the dorsal telencephalon. Within the neuroepithelium of the dorsal telencephalon, Xath2 expression is detected in postmitotic cells located more laterally than those expressing several other related bHLH neuronal regulators. q
Molecular cloning of Xath2
Transcription factors of the basic helix±loop±helix (bHLH) family play a critical role in cell fate decision in a variety of biological systems . In Xenopus laevis, several gene products related to Drosophila atonal have been identi®ed, including X-ngnr-1, NeuroD, Xath3 and Xath5. These genes have distinct expression patterns in the developing nervous system and have all been implicated in the determination or differentiation of neuronal cells (Lee et al., 1995; Ma et al., 1996; Takebayashi et al., 1997; Kanekar et al., 1997) .
Using a functional expression screening approach, we identi®ed in Xenopus a factor that when overexpressed on one side of the embryo, induces the expression of the Ntubulin neuronal marker at a neurula stage (27/32 embryos; Fig. 1A ) but does not stimulate the expression of X-ngnr-1 (0/42 embryos) or NeuroD (0/65 embryos) (Fig. 1B,C) . The original cDNA fragment, which was completed by 5 H -RACE (GenBank accession number AF306736), contains an open reading frame that encodes a bHLH protein which shows 85% overall amino acid identity to mouse MATH-2/NEX-1 (Bartholoma È and Nave, 1994; Shimizu et al., 1995; Schwab et al., 1998 Schwab et al., , 2000 (Fig 2A) . Interestingly, the Xenopus sequence shows also 85% homology to human genomic (GenBank accession number AC006380) and cDNA sequences (EST clone M78507). Within the bHLH domain, the sequences in these three species differ only in two positions. Related members of the bHLH family show less homology in the bHLH domain (e.g. 92% for rat BHF1 and Xenopus NeuroD, 87% for Xenopus Xath3) and exhibit substantial sequence divergence outside of the DNA binding domain (Fig. 2B and data not shown). We therefore refer to the described Xenopus protein as Xath2.
Xath2 expression pattern
RNAase protection analysis shows that Xath2 expression is ®rst seen in stage 32 tailbud embryos, and it continues to be expressed at least until stage 38. In the adult, strong Xath2 expression is maintained in the brain and a low level of expression is detected in the spinal cord (Fig. 3 , top panels). Whole-mount in situ hybridization of tadpole (stage 35) Xenopus embryos shows that the expression is restricted to two symmetric patches in the dorsal telencephalon. Sections revealed speci®c expression in postmitotic cells located outside the ventricular zone, which has been labeled with BrdU ( www.elsevier.com/locate/modo sion pattern has been reported for the mouse MATH-2/NEX-1 gene (Bartholoma È and Nave, 1994; Shimizu et al., 1995; Schwab et al., 1998) . In double-staining experiments, the expression of Xath2 colocalizes with Eomesodermin, a Tbox transcription factor encoding gene expressed bilaterally in the dorsal forebrain from stage 23 onward ( Fig. 4A,B ; Ryan et al., 1998) . Within the neuroepithelium of the dorsal telencephalon, Xath2 transcripts are localized more laterally than those of the other neuronal bHLH genes, Xath3 and NeuroD (Fig. 4C±F ). ; Xenopus NeuroD, XL28067; Xath3, D85188; X-ngnr1a, U67778; mouse Math4a, YO7621; Xath5a, U93170; Drosophila atonal, L36646. dm, Drosophila melanogaster; hs, Homo sapiens; mm, Mus musculus; rn, Rattus norvegicus; xl, Xenopus laevis. Fig. 1 . Induction of N-tubulin, but not X-ngnr-1 and NeuroD expression, by injection of Xath2 mRNA. Xenopus embryos were coinjected with Xath2 and bgalactosidase mRNA (0.5 ng/blastomere) on one side at the two-cell stage. Neural plate stage injected embryos were then stained with X-gal to detect bgalactosidase, followed by whole-mount in situ hybridization with a N-tubulin (A), NeuroD (B) or X-ngnr-1 probe (C).
In overexpression experiments, we found that neurogenin, NeuroD and Xath3 are unable to induce Xath2 expression (data not shown). Further work will be necessary to understand the mechanisms that control Xath2 speci®c expression during Xenopus development.
Materials and methods
Expression cloning was performed using a tadpole head cDNA library constructed in the pBluescriptRN3 vector as previously described (Lemaire et al., 1995) . Capped synthetic mRNA and antisense mRNA probe were transcribed using Megascript kits (Ambion). A full-length cDNA clone was obtained by utilizing the RACE cDNA Ampli®cation kit (Boehringer) on Xenopus adult brain total RNA and subcloned into the pCS2 1 expression vector. RNAase protection assays were performed as described (Krieg, 1991) . Antisense Xath2 probe was generated from a cDNA fragment corresponding to nucleotides 1±255 subcloned into a pBluescript vector linearized with EcoRI and transcribed with T3. The FGFr probe has been described previously (Ryan et al., 1998) . Whole-mount in situ hybridization and vibratome sectioning of stained specimens were performed as described using digoxygenin-or uorescein-labeled antisense probes (Bellefroid et al., 1996) . The initial Xath2 cDNA fragment in pBluescriptRN3 linearized with S®I was used for the synthesis of antisense RNA with T3 polymerase. Probes for Eomesodermin (Ryan et al., 1998) , NeuroD (Lee et al., 1995) and Xath3 (Takebayashi et al., 1997) were synthesized and used as described previously. For BrdU labeling, embryos were injected with 50 nl of a 10 mM BrdU solution. Injected embryos were ®xed 3 h after injection, embedded in paraf®n and sectioned. Sections were subjected to in situ hybridization as described (Ryan et al., 1996) and then processed for BrdU immunodetection using the 5-Bromo-deoxy-uridine Labeling and Detection kit1 (Boehringer). 
